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SUMMARY

An investigationhasbeen.conductedintheLangleyk-by k-foot
r, supersonicpressuretunnelto determinetheeffectsofvsriousexternal-

storeconfigurationsonthelongitudinalandlateral.aerodynamiccharac-
teristicsofa modelofa 45°swept-wingfighterairplane.Pylon-mounted
storeslocatedat23.8,46.2,and67.o percentofthewingsemispanwere
testedindividuallyandinvariouscmibinations.Theinbosrdstores
relativeto outboardstoresweresimilarin sba.pebutapproximately
25percentgreaterinsize. Thestoreslocatedat46.2percentofthe
wingsemispanrepresenteda largefueltankandhadanunsymmetrical
shape.

Theadditionofallstoresresultedinanizicreae.,indrag.coeffi+-...
cientofthemodelat zeroliftcoefficientfrom0.0$ to 0.057at a Mach
numberof1..6I. All storeswiththeexceptionoft% outboardstores
resultedinsma13positivetrimchangeinthepitching-momentcharacter-
istics● Theinboardstoresandthoseconibinationsof storesincluding
theinbosrdstoresresultedina decreaseindirectionalstabilityat
bothMachnumbers.Thisisassociatedwiththeadverseeffectofthe
storesontheverticaltail. **..
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An investigationhasbeenconductedinthekngley4-by l-foot
supersonicpressuretunnelto detq’minetheaerodynamiccharacteristics

. ofa modelofa 45°swept-wingfighterairplanethrougha rangeofMach
nunibersfrom1.41to2.01.Reference1 presentsresultsoftheinvesti-
gationpertaidngtothe-staticlongitudinalstabilityandcontrolcharac-

. teristicsofthemodel.
‘efere+%%%=s ‘he‘aterd‘d ‘rectio@stabilitycharacteristicsofth
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Thepresentpapercontainsresultsshowingtheeffectsofvarious
arrangementsofexternalstoresontheaerodynamiccharacteristicsof
themodelinpitchandsideslipforMachnuribersof1.61and2.01. In
orderto expeditetheissuanceofthisinformation,onlya briefanalvsis
hadbeenmadeofthesedata.

COEFFICIENTS

Theforceandmment datahave

ANDSYMBOIS

beenreducedto coefficientform. The
lift,drag,andpit-” mumentsarereferredtothes&biu@-axis system;

—.

whereas,thelateralforce,rollingmoment,andyawingmomentarereferred
tothebody-axissystemwiththereferencecenterofgravityata fuselage
lmgftudina.1stationcorrespondingtothe37.5-percen~pointofthewing”
meangeometricchord.(Seefigs.
areasfolknm:

cm
Cy

Cn ,

FL

Fy

%.,”

%

%

lJftcoefficient,

longitudinal-force

1 and2.) The coefficientsandsymbols

FLfqS

coefficient,
I

F; @

pitching-momentcoefficient,M@E

I
lateti-forcecoefficient,Fy qS

rol13ng-momentcoefficient,M@%

yawing-mmentcoefficient,M@sb

drag,lb

lift,lb

lateralforce,lb

momentaboutX-sd.s,ft-lb.

momentaboutY-@s, ft-lb

momentaboutZ-ads,ft-lb

free-streamdynamicpressure,lb/sqft

~ y~m.~ .
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b

A

M

a

P

AC;

ACn

Acy

%

Model

..

wingsreaincludingbodyintercept,sqft

wingspan,ft

aspectratio

sweepofleadingedge,deg

taperratio

wingmeangeometricchord,ft

horizontal-tailmeanaerodynamicchord

vertical-tailmeanaerodynamicchord

Machnuniber

angleofattack,deg

angleof sideslip,deg

incrementallongitudinal-forcecoefficient

incrementalyawing-momentcoefficient

incrementalrol~ng-momentcoefficient

incrementallateral-forcecoefficient

staticdirectionalstabilityderivative

effectivedihedralderivative

designations:

wing

body

horizontaltail

originalverticsltail

3
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MODEL

Geometriccharacteristicsofthemodelaregiveninfigure2 and
table1. Themodelwasequippedwithpylommountedstoreslocatedat
23.8,46.2,and67.0percentofthewingsemispan.TheMoard andout-
boardstoreswereconstructedtoDouglasAircraftCompany,Inc.,(DAC)
coordinatesandrepresented1,000-poundand500-poundbombs,respectively.
~ storeslocatedat46.2percentofthewingsemispanrepresentedlarge
fueltanksandhadanunsymmetricalshapeandwereequippedwithfins.
Figure3 showsschematicallysomedetailsofthestorearrangements.

Themodelwassting-supportedwitha six-componentstr+n-gagebal-
anceenclosedwithinthefuselage.

TES’IS

Thetestswerecondu@edintheLangley4-by h-footsupersonicpres-
suretunnelatMachnumbersof1.61and2.01witha stagnationpressure
maintainedat 6 poundspersquareinchabsoluteanda stagnationtempera-
tureat 100°F. Thedewpdntwasheldat approximately-20°F.

Theindividualandcoribinedeffectsofthetanks,outboardstores,
andinboardstoresonthelongitudinal.andlatersJaerodynamiccharacter-
isticsofthemodelwereinvestigated.Testsweremadeto a “maximum
angleofattackandsideslipofapproximately200. Withincreasein side-
slipangleand/orMachnumber,itwasnecessaryto decreasetheangle-of-
attackrangeofthetestsduetostructurallimitationsoftheapparatus.
TheReynoldsnumberscorrespondingtotheMachnmibersof1.61and2.01
were1.~ x 106and1.16x 106,respective~.

RESULTS

Theresultsobtainedwithvariousstore
in figures4 to13. It shouldbe notedthat

arrangementsarepresented
themodifiedverticaltail

usedduringtestsat M = 1.61hadappro~tely 27percentmorearea
thantheoriginaltailusedduringtestsat M = 2.01.

Theanglesofattackandsidesl.iphavebeencorrectedfordeflections
ofthebalanceandstingunderload. Onthebasisofpressuremeasure-
mentsmadeatthebaseofthefusel.age,thelongitudinal-forcecoefficients
wereadjustedto correspondtofree-streamstaticpressureatthebase.

—.— —. .-.-— -—
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Accuracy

Theestimatederrorsinthevariousmeasuredcmantities
follows:

Also,

M = 1.61 M = 2.01

CL . . . . . . . . to .0044 to. owl

c; . . . . . . . . to. o~5 tO.oo07

%“” ””==.* i-o● 0017 jf) .owl

cn******** *O.0003 to.0003

Cy. . . . . . . . *o.0020 ‘*O.0020

cl”””””””” *0.0002 to ● 0002

.

a, p,deg. . . . . . . . . . .“. . . . . . . . . . . . .
Machnuaiber. . ... . . . . . . . . . . . . . . . . . . .

.

.

areas

● O tool

.0 *o. 01

RemarksonEffectsofStores

Theadditionofvsriousstoresresultedmaay inanincreasein
drag. TheadditionofeithertheixiboardoroutboardDACstoresresulted
inanincrementaldragcoefficient,LCfinear CL= O at M = 1.61 of
approximately0.0040(fig.10). TbiE3is ofparticularinterestwhenit
isconsideredthattheinboardDACstoreswereapproximately25percent
largerthantheoutboardDACstores.Thetanks,whichwereappreciably
largerthaneitheroftheDACstores,resultedinanincrementaldragof
0.0100.Theadditionofallstoresresultedinan ticreaseindragcoef-
ficientofthemodelat zeroliftcoefficientfrom0.038to 0.057which
amountstoanincreaseofapproximately10percentmore,thanthesumof
theincrementaldragcoefficientsobtainedwiththesestoresattached
individuallytothemodel.

F All
positive

—

storeswiththeexceptionoftheoutboardDACstorecausedsmall
trimchanges.

—-— —- — —.— — --- . —
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Theresultsobtainedfor M = 2.01 (fig.5)withandwithoutthe
horizontaltailonindicatethata smalldecreaseinlongitudinalstability ‘
duetotheadditionof storesoccurredonlyfortheconfigurationswiththe
horizontaltailon;hence,itwouldappearthatthedecreaseinlongitudi-
nalstabilityistheresultofaninterferenceeffectofthestoresonthe
horizontaltail.

Thedatapresentedinfigures6 and7 indicatethat,withinthe
limitsoftheinvestigation,allstoreconfigurationswiththeexception
oftheoutboardDACstoresalonecausedanincreaseinpositiveeffective

,dihedral.TheresultsobtainedwithvariouEindividualstores(figs.6
andI-1)indicatethattheadditionoftheinboardDACstoresresultedin
a decreasein C

9
at a .0° (M= 1.61)becomingzeroat a = 15°;

whereas,theadditionofthetanksresultedinanincreasein ~P for

@es ofattackgreaterthanapprodnately12°. Theeffectsofcombina-
tionsofstoreson C~ as comparedwiththeeffectsofvariousindivid-

ualstoresweresomewhatmoreunfavorableatlowandmoderateanglesof
attack.A comparisonoffigures6 and7 indicatesthattheeffectsof
inboardDACstoresin combina.tionwiththetanksonthe CnP and Cl

P
wereessentiallythessmeat M = 2.01 asat M = 1.61.Onthebasis
ofresultspresentedinfigure8 for M = 2.01,itappearsthatadverse
effectofinboardstoresor cmibinationsof storesincludingtheinboard
storesarisesfrominterferenceeffectsofthestoresonthevertical
tail.

LangleyAeronauticalLaboratory,
NationalAdvisoryComitteeforAeronautics,

Ian@eyField,Va.,@ 25,1956.
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(b) m@-S system.
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Figure2.-
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Figure4.-
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Effectsofvariousstorearrangementsonthelongitudinalaero-
characteristics.Modifiedverticaltail;P = OO;M = 1.61.
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(a) a = OO.

~gure 6.- Mfect ofvariousarrangementsof storesonthelateralaero-
mc c~actefistfcsforWiOUS anglesofattack.Modifiedver-
ticaItail;M = 1.61.
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7.-Effectofinbom?dstoresandtanksin combinationonthel..at-
aerodynemiccharacteristicsofthemodelwith”andwithoutthe
,jnalverticaltailforvarioussinglesofattack.M = 2.01.
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eralaerodynamiccharacteristics
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M= 2.01.
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